Efficacy of Relocation of Submandibular Duct in Cerebral Palsy Patients with Drooling  by Puraviappan, Periyanan et al.
ASIAN JOURNAL OF SURGERY VOL 30 • NO 3 • JULY 2007 209
Original Article
Efficacy of Relocation of Submandibular Duct in
Cerebral Palsy Patients with Drooling
Periyanan Puraviappan, Dipak Banarsi Dass and Prepageran Narayanan, 
Department of ENT, Hospital Kuala Lumpur, Kuala Lumpur, Malaysia.
OBJECTIVE: The efficacy of relocating the submandibular duct to treat drooling in children with cere-
bral palsy was studied.
METHODS: This was a prospective study to assess, using a visual analogue score by the parents of the
patients, the efficacy of relocating the submandibular duct to treat drooling, comparing pre- and postop-
erative drooling. Complications were also recorded.
RESULTS: Eight children were included in this study. Their mean age was 9.75 years (range, 6–14 years).
Seven patients (87.5%) had significant reduction of drooling (from a score of ≥ 7 before surgery to ≤ 2
after surgery). All the parents of the eight children (100%) were happy with the outcome and would rec-
ommend the procedure to the parents of other children. Mean length of hospital stay was 4 days (range,
2–7 days). Three patients developed complications; one patient developed ranula 1 month postopera-
tively. This was successfully treated by marsupialization. Two patients developed bilateral submandibular
sialoadenitis 3 days postoperatively, which resolved with antibiotic therapy.
CONCLUSION: We conclude that this procedure is effective and safe in reducing drooling in patients
with cerebral palsy. [Asian J Surg 2007;30(3):209–15]
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Introduction
Chronic drooling is most often seen in patients with cere-
bral palsy. Drooling is a serious medical and social prob-
lem and is often used interchangeably with sialorrhoea.
Sialorrhoea is defined as an increase in salivary flow that
can be chronic or episodic. This condition should be dif-
ferentiated from drooling. Patients who drool usually
produce a normal salivary volume but cannot manage
their saliva effectively. This is most commonly due to a
neurological or muscular disorder. This results in accu-
mulation of saliva in the anterior mouth, which leads to
drooling. Sialorrhoea, or an increase in salivary flow, is
often compensated for by patients by an increase in their
rate of swallowing. However, it is possible that sialorrhoea
could lead to drooling if the rate of swallowing cannot be
increased. In addition, some neurological conditions,
such as familial dysautonomia, can lead to drooling due
to ineffective oral musculature, which is also associated
with an increase in salivary flow rate. Ekedahl reported
that 10% of children with cerebral palsy in Sweden and
37% of children in Belgium with cerebral palsy have exces-
sive drooling.1 Persistent drooling leads to major hygienic
and psychosocial consequences for patients. These include
maceration on the skin around the mouth, chin and neck,
which can lead to secondary bacterial infections. In addi-
tion, constant soiling of clothes and furniture becomes a
significant problem. Drooling also interferes with speech
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and feeding. Drooling can severely impact the affected
person’s social situation.
Methods
Patients with cerebral palsy who were attending the paedi-
atric neurology clinic in Hospital Universiti Kebangsaan
Malaysia, aged between 5 and 16 years, and with a history
of drooling, were included in this study. The parents were
asked about the severity of drooling, noting the number
of bibs that became soaked with saliva and required
changing each day. Factors aggravating the tendency to
drool were determined, such as concentration on the task
at hand, stress and posture (in some children, dribbling
becomes very severe when they lean forward). The parents
were asked to grade the severity of drooling on a visual
analogue scale that ranged from 1 (no drooling) to 10
(severe drooling). Complete ear, nose and throat and a full
neurological examination was done and patients were also
followed by the paediatric neurologist. Exclusion criteria for
this study were: chronic aspiration; spastic oesophageal
disease or difficulty in swallowing with nasogastric feeding;
craniofacial anomalies with anticipated difficult intuba-
tion; and contraindication for general anaesthesia.
Parents were counselled clearly that the aim of surgery
was to diminish drooling, and that it would be most
unlikely that the problem would be eliminated altogether.
If the drooling was severe enough to justify surgery, and
the parents and child were keen to proceed, then bilateral
submandibular duct relocation was performed. This pro-
cedure was performed by a single surgeon. Prophylactic
antibiotic with ceftriaxone (20 mg/kg/day) was given preop-
eratively. General anaesthesia was maintained via a naso-
tracheal tube taken out of the operative field through the
head drape. The patient was positioned supine on the
operating table with a small sandbag under the shoulders.
A Dingham’s mouth gag was inserted and a small pharyn-
geal pack was used to prevent the accumulation of blood
in the hypopharynx. The surgeon worked with the help of
a headlight, especially working posteriorly at the tonsillar
fossa, but it was found that most of the procedure was best
performed using an overhead operating light. A stay suture
of 1-0 black silk was employed to retract the tip of the
tongue and the floor of the mouth around the sublingual
papillae, which was infiltrated with 2–3 mL of adrenalin
1:200,000. An elliptical incision was made around the
sublingual papillae and the island of mucosa thus created
was carefully elevated. This large island was divided in the
midline between the papillae to leave a smaller mucosal
island around the opening of each submandibular duct.
Each island was tagged laterally with vicryl 3-0 suture. Using
gentle traction on the vicryl suture, the submandibular
duct was identified and separated by sharp dissection. We
found that the use of the probe to identify the duct was
not at all helpful.
The duct was then dissected out posteriorly until the
lingual nerve was visualized or the deep part of the gland
was reached, thus mobilizing a length of 3–4 cm. We also
removed the sublingual glands. The use of peanut swabs
wrung out in a solution of adrenalin 1:1,000 was a valu-
able aid to dissection and haemostasis during this deli-
cate part of the procedure. A pair of fine, slightly curved
artery forceps was then used to create a submucosal tun-
nel from the lateral end of the incision of the furthest
point of the dissection to the base of the anterior faucial
pillar where it meets the tongue. During this manoeuvre,
the tongue was retracted with a 1/0 black silk suture. The
vicryl 4-0 sutures were then used to pass the duct through
the tunnel, taking care to avoid kinking, and another 4-0
vicryl suture was used to secure the margin of the mucosal
island to the edge of the anterior pillar. The same method
was then used on the opposite side and the sublingual
incision was closed loosely with 3-0 vicryl sutures.
Patients resumed feeding on postoperative day 1, and
generally remained in for 2 days. They were instructed on
hygienic mouth care and encouraged to take an increased
amount of fluids. No antibiotics were given postoperatively
unless submandibular sialoadenitis was suspected. An ini-
tial outpatient evaluation of the success of the operation
was made 2 weeks postoperatively, with each child assessed
again 1 month and 3 months postoperatively. At every
postoperative follow-up, parents were asked to grade the
severity of drooling on the visual analogue scale.
Results
This study was a descriptive study of eight cerebral palsy
patients who had been operated on. Their mean age was
9.75 years (range, 6–14 years); three were male and five
were female. The majority of the patients were Chinese
(75%, 6/8) and the remaining two were Malays (25%).
The parents of seven of the children (87.5%) graded the
severity of their child’s drooling as ≥7 before the procedure
was performed. Following submandibular duct relocation,
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the same number of parents (87.5%) graded the severity of
their child’s drooling as ≤ 2. Thus, 87.5% of the patients
had reduction in drooling of more than 5 points. The
patients who had a preoperative severity score of 10 had,
on average, a postoperative score of 1.5. The patient with
a preoperative severity score of 8 had a postoperative score
of 2. Patients with preoperative severity score of 6 or 7 had
a mean postoperative score of 1. Parents were also asked
if they were happy with the result of the procedure. All of
the parents (100%) were happy with the outcome and
would recommend the procedure to the parents of other
children. The time to the onset of improvement in drooling
ranged from immediately to 2 months. Approximately
32.5% of the children showed immediate improvement,
which was noticeable by the parents before discharge from
hospital. The mean length of hospital stay was 4 days
(range, 2–7 days).
Minimal complications were noted. None of the patients
complained of difficulty in swallowing postoperatively.
One patient developed ranula 1 month postoperatively,
which was successfully treated by marsupialization. Two
patients developed postoperative bilateral submandibular
sialoadenitis of 3 days’ duration, which resolved with
antibiotic therapy.
Discussion
Chronic drooling is most often seen in patients with cere-
bral palsy. Various options are available to treat this problem.
These include behaviour, oral motor therapy, pharma-
cotherapy and surgery. Various surgical approaches have
been reported over the last 30 years, including parotid
duct ligation with submandibular gland excision, sub-
mandibular duct excision with or without sublingual
gland excision, and division of the parasympathetic nerve
supply to the salivary glands. In this descriptive study, the
efficacy of the surgical procedure performed to improve
drooling was assessed in these eight patients.
In the case of a child, parental expectations should not
be evaluated. Parents should understand that the goal of
treatment is reduction in excessive salivary flow while
maintaining a moist and healthy oral cavity. Avoidance of
xerostomia is key. The patient’s full medical history should
be obtained, paying close attention to any neurological
conditions, which may play a role in the aetiology of the
drooling. In addition, other medical conditions may pres-
ent a contraindication to a potential management option.
For example, the presence of a unilateral hearing deficit
may preclude a transtympanic neurectomy.
In addition, surgery to decrease salivary flow should
not be done in athetoid patients. In general, the resultant
thickened saliva leaves a dark, gummy odorous residue in
the patient’s oral cavity due to the athetoid movement of
the muscles of the tongue and oral cavity. The age of the
patient is also an important consideration. Crysdale and
White2 and Cotton and Richardson3 recommended defer-
ring surgery until a child is at least 5 or 6 years old. Cotton
and Richardson required a minimal level of intelligence
in their operative candidates that allowed the patient to
mix socially with their peers.3 However, Lew et al believe
that there is a place for surgical management in severely
retarded patients because it makes their care easier.4 With
various treatment options for drooling, the initial approach
in most cases is nonsurgical and thus reversible. Physio-
therapy may prove helpful in correcting head and jaw pos-
ture and increase the mobility and strength of tongue and
lip movements. Pharmacological therapy such as anti-
cholinergic and antihistamine drugs have been used in an
attempt to decrease saliva production,5 but their use is
not generally favoured due to the incidence of trouble-
some side effects such as sedation, constipation, urinary
retention, blurred vision, xerostomia, and restlessness,
which prevent their long-term use.6 Blasco and Allaire
favour the use of glycopyrrolate among the available anti-
cholinergic drugs.7 They looked at safety, efficacy and
dosing in a prospective study of 38 patients with neuro-
logical conditions resulting in drooling. They found a
90% response rate with the use of glycopyrrolate. The
most common side effect was irritability. They felt that
glycopyrrolate was safe and effective in the long-term
management of drooling. However, they stated that more
blinded trials with the advantage of requiring only one
application for 3 days were needed.
There is a hypothetical role for antireflux medication
in the cerebral palsy child with drooling and reflux. Many
children with cerebral palsy suffer from gastro-oesophageal
reflux due to oesophageal dysmotility and decreased lower
oesophageal sphincter tone. However, in a study by Heine
et al, treatment with antireflux medications did not sig-
nificantly change the severity and frequency of drooling
as assessed by the parents.8 The goals of speech therapy
are to improve jaw stability and closure, increase tongue
mobility, strength and positioning, improve lip closure,
and decrease nasal regurgitation.9 This, in itself, does not
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usually have a significant impact on drooling. However,
being noninvasive, speech therapy evaluation is usually
recommended prior to surgical consideration. Best results
are achieved when therapy is begun as an infant. Limited
results are achieved in the severely retarded patient.
Oral prosthetic devices, such as a chincup, may be of
some benefit in the drooling patient undergoing speech
therapy. Behavioural therapy has been used in combina-
tion with antireflux medication in the cerebral palsy child
with drooling and reflux. Behavioural therapy uses com-
binations of cueing, over correction, positive and negative
reinforcement to help the drooling patient. Auditory elec-
tromyography feedback is used to assist in proper swal-
lowing. There are three phases to behavioural therapy. 
In the first or cognitive phase, there is reorganization of
the motor behaviour. In the third or autonomous phase,
the performance is automated and control of the behaviour
is moved from the higher to lower brain centres. Blasco and
Allaire used cues and positive reinforcement to eliminate
drooling in 16-year-old quadriplegic patients.7 Behavioural
therapy is not widely used despite reports of its success
due to the time required, the intensive nature of the therapy,
and the requirement of a certain level of intelligence in the
patient for cooperation. In addition, regression has been
shown to occur once the therapy is discontinued.
Radiotherapy to the major salivary glands of ≥ 6,000
rad has been used to treat drooling. The side effect of radi-
ation therapy limits its use. This includes xerostomia,
mucositis, caries, osteoradionecrosis, and development of
radiation-induced malignancy. Borg and Hirst looked at
31 patients treated with radiation therapy for drooling.10
Initially, 82% of patients showed a satisfactory response.
Five patients, however, relapsed within 6 months of treat-
ment, and four patients developed long-term side effects.
Response rates were superior in patients who had both their
parotid glands and submandibular glands in the radiation
field.10 Surgery can be performed to remove the salivary
glands, ligate the salivary gland ducts, and/or to interrupt
the parasympathetic nerve supply to the glands. The his-
tory of surgical therapy for drooling dates back to 1964
when Theodore Wilkie, a Canadian plastic surgeon, trans-
posed the parotid ducts to the tonsillar fossa in cerebral
palsy patients.11 This required elevation of a mucosal flap
based on Stensen’s duct and passing this through a submu-
cosal tunnel to the tonsillar fossa. He based his management
on cineradiographic studies of these patients. He concluded
that these patients lacked the ability to cup the anterior
tongue and form a trough for passage of fluid to the
oropharynx. Therefore, by rerouting the ducts, he delivered
the saliva more posteriorly. Although Wilkie’s hypothesis
was logical, it did not achieve satisfactory clinical results.
In this study, surgical procedure involving only reloca-
tion of the submandibular duct was performed. The effi-
cacy of this procedure in improving drooling was evaluated.
Wilkie and Brody theorized that it was necessary to
remove the submandibular gland in addition to Wilkie’s
procedure, as the procedure combined with rerouting of
the parotid duct had a 85% success rate.11 The procedure
was not popular due to the associated technical difficul-
ties, external scars, tonsillectomy requirement, prolonged
hospitalization, and postoperative morbidity including
swelling and dysphagia. The complication rate was 35%
and included postoperative cysts, parotid duct stenosis or
fistulas, wound dehiscence, parotid swelling and an increase
in dental and gingival infections. Three percent of patients
required multiple procedures to correct drooling.
Parotid duct ligations have been used in many patients
to control drooling. Submandibular duct ligations have
not been used extensively because the submandibular
saliva is more viscous, alkaline and contains a higher con-
centration of calcium and phosphate salts when compared
to parotid duct saliva. This predisposes to lower flow rates
and stone formation. Patients undergoing submandibular
gland removal and parotid duct ligation have results sim-
ilar to the 85% success rate quoted by Wilkie and Brody.11
An elliptical incision is made around Stensen’s duct, the
duct is dissected for 1 cm, then suture ligated and resected.
The submandibular gland excision is performed in the
usual manner through a neck incision.
Faggella and Osborn compared the risks and benefits
of parotid duct repositioning and parotid duct ligation.12
In 22 patients, they transposed the parotid duct on the
left and ligated the right parotid duct. In 16 patients, they
transposed both parotid ducts, and in three patients they
ligated both ducts. All patients had bilateral submandibu-
lar gland excisions. In the first group, there was no change
in the outward appearance of the cheek depression due to
atrophy. The second group experienced the following com-
plications: wound dehiscence, parotitis, cyst formation
and transient parotid swelling. In the third group, xero-
stomia with thick secretions required intensive mouth care.
They concluded that combination procedures were prefer-
able to bilateral duct ligations alone, which caused excessive
dryness, or to bilateral duct repositioning alone, which
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caused increased complication rates.12 Rerouting of the
submandibular duct into the tonsillar fossa initially
became popular in the 1970s due to the reported success
rates of 80–100%.1–3 A cuff of mucosa is dissected around
the opening of the duct and the duct is dissected 3–4 cm
or until the submandibular gland is reached. The mucosa
cuff surrounding the ductal papillae is marked medially
and laterally with a suture. The lingual nerve is identified
and preserved. A submucosal tunnel is formed to the ton-
sillar fossa using a curved tonsil haemostat, and then
rerouted posterior to the anterior tonsillar pillar using the
marking sutures placed previously. Crysdale and White
originally advocated a tonsillectomy 2–3 months prior to
rerouting of the ducts to avoid the risk of retrograde
sialoadenitis caused by tonsillitis. Currently, they recom-
mend examination of the tonsils at the time of surgery. If
they are small, they can be left intact, if they are large, they
are removed at the time of the rerouting procedure.2
Other surgeons avoid this issue entirely by placing the
new duct opening outside the tonsillar fossa in the base
of the anterior pillar. The proposed advantage of this
anterior procedure is that it is technically easier with a
higher success rate. Crysdale and White now recommend
sublingual gland excision during the original procedure
as this decreases the rate of ranula formation compared
to without this procedure (8%).2
Crysdale and White also give the following basic guide-
lines with regard to patient selection for submandibular
rerouting surgery.2 First, the neurological status of the
patient must be stabilized. Potential recovery from a neu-
rological insult such as a cerebrovascular accident must
be given time to occur prior to surgical consideration.
They also stated that there should be no surgical interven-
tion in a cerebral palsy child due to neonatal anoxia until
the age of 6 years, by which time maturation of the brain
should have occurred. Cotton and Richardson’s guidelines
are similar, with the minimum age of the operative candi-
date being 5 years.3 Most patients treated by them fell into
the 8–12 years old range. They required a certain level of
minimum intelligence that allowed their patients to mix
socially with peers.3
The advantage of submandibular duct rerouting ver-
sus excision include lack of external incisions, less chance
of complete dryness in the anterior mouth, less alteration
in taste and sensation and swallowing.13 The required
intraoral dissection can result in the following compli-
cations: significant swelling of the floor of the mouth,
submandibular gland sialoadenitis, ranula formation, and
duct obstruction. As stated previously, the risk of ranula
formation is eliminated by excising the sublingual glands
at the time of rerouting. Postoperative success rates are
similar to the 86–100% rates quoted for excision of the
submandibular glands and rerouting of the parotid ducts.
A 15-year follow-up study was conducted by O’Dwyer
and Conlon in Dublin, in which they looked at 53 neuro-
logically impaired children who underwent submandibular
duct relocations.14 Patients were followed up with a ques-
tionnaire to determine symptomatic improvement; 94%
of the parents stated that their children benefited from
the operation. Half of the parents reported a complete
cessation of drooling. The worst complication noted was
aspiration pneumonia, thought to be due to salivary aspi-
ration, which occurred in three children. These authors
stated that children with severe oral motor dysfunction
might not be good candidates for a rerouting procedure
due to the risk of aspiration. However, they felt that the
risk of this could be reduced by leaving the nasotracheal
tube in place until the cough reflex returned.
In this study, which looked at eight cerebral palsy chil-
dren who underwent submandibular duct relocation in
Hospital Universiti Kebangsaan Malaysian, all of the par-
ents (100%) stated that their child benefited from the
operation, and the parents of seven children (87.5%)
reported complete cessation of drooling. In a long-term
follow-up study of 59 patients undergoing submandibular
duct relocation, it was found that approximately 80% had
marked to moderate improvement in their drooling and
20% had minimal to no improvement.15 The most common
complication was ranula formation, which occurred in
seven patients. Only one of the seven patients required
excision of the ranula. The authors did not recommend
the routine removal of sublingual glands as they increase
the risk of lingual nerve damage and increase operating
time. If the lingual glands are not removed, attention
must be paid to transect the ductules of the sublingual
glands as they enter the submandibular ducts.
In this study, submandibular sialoadenitis occurred in
two cases at the early phase, and could have been due to
abnormally tortuous ducts; they resolved with antibiotic
treatment. Only one late complication of retention cyst
was noted, which was successfully treated by marsupializa-
tion. This patient was the first patient to be operated on
in this study and we did not excise the sublingual glands.
However, the remaining patients had routine sublingual
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gland excision and following this, we noted that there was
no occurrence of retention cyst.
Similar success rates of 87% have been reported for
treating drooling with transtympanic neurectomies.16
This procedure requires that both the chorda tympani
and the tympanic plexus nerves be disrupted. The opera-
tion is not complicated and has the advantage of no exter-
nal scars. A thorough search for all the branches of the
tympanic plexus on the promontory is conducted, as fail-
ure to transect all branches will decrease the success rate.
A hypotympanic branch of the plexus is present in 50% 
of patients. This branch is usually covered by bone, and
drilling down the inferior aspect of the promontory is nec-
essary if this is the case. It is important to use a low speed
drill to avoid perforating the promontory. Friedman and
Kaplan reported that the success rate was higher in patients
who underwent combination procedure than chorda tym-
pani sectioning alone.17 Loss of taste in the interior two
thirds of the tongue is unavoidable and xerostomia is a
potential complication. It is interesting to note that no
loss of weight or appetite has been observed in patients
with bilateral chorda tympani transections. This proce-
dure has been associated with the production of thick,
mucoid saliva. Other rarer complications include otitis
media, tympanic membrane perforations, and recurrence
of drooling due to incomplete neurectomy or nerve regen-
eration. This procedure is contraindicated with a unilat-
eral sensorineural hearing loss.
The successful management of drooling necessitates a
multidisciplinary approach. It requires a thorough history
and physical examination of the patient. Family members
or caregivers should be questioned about their expectations.
Noninvasive therapy such as speech or behavioural therapy
should be considered. In surgical management, the order
of procedures recommended depends on which study is
being referenced. Lew et al argue that the simplicity of the
tympanic neurectomy makes this procedure the first choice.4
If this fails, they recommend that the bilateral submandibu-
lar glands be addressed first as they are the major produc-
ers of salivary outflow. They do not routinely recommend
parotid duct transfers or ligations due to the high morbid-
ity associated with these procedures. Cotton and Richardson
recommend bilateral submandibular gland excision and
parotid duct ligation as the procedure of first choice.3
Their studies have shown that this procedure consistently
results in good control of drooling and is superior to sub-
mandibular duct rerouting alone.
The recommendations on which surgical modality 
to try first are controversial and should be tailored to the
individual patient. The surgeon should be clear of the
patient’s and caregiver’s expectations. Any procedure
attempted should be stressed as a first stage procedure. If
satisfactory control is not achieved, other procedures
should be considered. Regardless of the therapy chosen,
the goal is usually to diminish drooling, not to completely
eliminate it.
Drooling is frequently a major problem in children
with cerebral palsy and carries a considerable social stigma,
as well as educational and hygienic implications. Various
methods have been used to control drooling in the past,
including physiotherapy, medication, radiation and sur-
gery. Surgical control of drooling can be obtained with
gland excision, destruction of neurosecretory control oto-
logically, duct ligation or duct relocation. Burton et al13
and O’Dywer and Conlon14 reported the efficacy of relo-
cation of submandibular duct of 85% and 94%, respectively.
In this study of bilateral submandibular duct relocation
in a series of eight consecutive cases, we found high
parental satisfaction, with 100% of parents stating that
their child had benefited from the operation and over half
the parents reported complete cessation of all drooling
within 3 months of the operation. The operation is techni-
cally straightforward with a high success rate and low
morbidity, and is considered to be the procedure of choice
that can significantly improve the quality of life of these
children. We would recommend this procedure to the 
parents of other children with similar problems.
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